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Abstract

Cataract, the lenticular opacities, develop due to increased lens oxidative stress and altered ionic
balance. Our previous studies showed that magnesium taurate in aqueous form delay the development
of galactose-induced cataract. However, these effects were more pronounced in vitro indicating
significant permeability barriers for absorption of magnesium taurate. In the current study, we
evaluated the anticataract effects of magnesium taurate loaded liposomes in comparison with its
aqueous preparation and studied its effects on lenticular oxidative stress. In study 1, among the 5
groups of rats (n=9), group 1 received normal diet, while groups 2-5 received 25% galactose diet.
Groups 4 and 5 received aqueous and liposomal magnesium taurate respectively, while groups 2 and 3
received corresponding vehicles. Cataract progression was assessed by weekly slit lamp examination
over 28 days. The formulation showing better efficacy was chosen for study 2 in which among the 4
groups of rats (n=18), group 1 received normal diet and groups 2-4 received 25% galactose diet.
Group 2 received vehicle; groups 3 and 4 received magnesium taurate and taurine respectively for 28
days. Cataract progression was assessed weekly. Subsequently, lenticular reduced glutathione (GSH),
activity of superoxide dismutase (SOD) and catalase, malondialdehyde (MDA), inducible nitric oxide
synthase (iNOS) protein, nitrotyrosine and proteins were measured using ELISA. Caz’L/Mg2+ ratio was
analyzed using spectrophotometer. In study 1 the liposomal magnesium taurate showed higher
anticataract efficacy compared to aqueous formulation and, therefore, was chosen for study 2. In study
2, group 3 showed significantly greater delay in the cataract progression compared to groups 2 and 4.
Lenticular GSH, was significantly higher in group 3 compared to both groups 2 and 4. SOD and
catalase activities were restored to normal in both treatment groups, however, catalase activity
remained significantly lower in group 4 compared to group 3. MDA, nitrotyrosine and iNOS protein
had significantly lower values in in group 3 compared to group 2. All the parameters indicated that
treatment with either magnesium taurate or taurine restores lens redox status, however, this effect was
more pronounced in magnesium taurate group. Furthermore, Lenticular Ca®**/Mg?* ratio as well as
lenticular soluble to insoluble protein ratio in both treatment groups, particularly in group 3, were
restored to normal. In conclusion, topically applied liposomal magnesium taurate delays the onset and
progression of the cataract more than its aqueous preparation in galactose-fed rats and this effect is

attributed to the restoration of the lens redox status.
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CHAPTER 1: Introduction

Cataract is an ocular disease characterized by development of opacities in the lens. These lenticular
opacities impair the refraction of light on the retina, which is the normal physiological function of the
lens and thereby cause visual impairment and blindness. According to an estimate by World Health
Organization, total number of people from all ages with visual impairment amounts to 285 million, of
whom 39 million are blind. Among the causes of visual impairment, cataract is the leading cause. It is

the cause of blindness among 51% of visually impaired world population (Pascolini & Mariotti, 2012).

Various factors such as ageing, diabetes, ultraviolet radiation, smoking, dietary factors and
exposure to heavy metals can cause development of cataract. Aging is suggested to be a major risk
factor but the incidence of cataract formation increases further in diabetic patients (Vinson, 2006).
Studies have shown that diabetic patients under the age of 65 years have three to four fold higher
prevalence of cataract, while those below 65 years have two fold increase (Ederer F, Hiller R, & HR.,

1981; Javadi & Zarei-Ghanavati, 2008).

Besides other factors, magnesium deficiency can also cause cataract formation Magnesium
deficiency may result from several pathological conditions such as diabetes mellitus, alcoholism,
cardiovascular diseases, kidney diseases, severe diarrhea and vomiting, diuretics and others (Agarwal,
Iezhitsa, Agarwal, & Spasov, 2012). Magnesium is important in maintaining the ionic balance and its
deficiency can increase the level of cellular oxidative stress by increasing the nitric oxide production.
Excess of nitric oxide causes depletion of adenosine triphosphate synthesis (ATP), which then alters
the functions of ATPases. Furthermore, functions of several ATPases are magnesium-dependent and in
the presence of magnesium deficiency their functions are altered. ATPases are membrane associated
transporters that play an important role in maintaining the cellular ionic homeostasis (Okuma, Uehara,

& Nomura, 1998; Yasuda, Fujimori, & Panhou, 1998).

Deficiency of magnesium also affects ATPase functions by increasing lens oxidative stress. The
important defenses against oxidative stress in lens include reduced glutathione (GSH), superoxide
dismutase (SOD) and catalase. Magnesium deficiency is also known to enhance expression of

inducible nitric oxide synthase (iNOS), an enzyme that produces excessive quantities of nitric oxide
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